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We propose a scalar Triplet extension of the standard model (SM) to unify the origin of 
neutrino mass with the visible and dark matter component of the Universe. We assume that 
the scalar triplet is super heavy, so that its CP-violating out-of-equilibrium decay in the early 
Universe not only produce asymmetric dark matter which is the neutral component of an 
additional vector like fermion doublet, but also give rise to lepton asymmetry. The latter 
gets converted to observed baryon asymmetry via B+L violating sphaleron processes. Below 
electroweak phase transition the scalar triplet acquires a vacuum expectation value and give 
rise to sub-eV Majorana masses to three flavors of active neutrinos. Thus an unification of the 
origin of neutrino mass, lepton asymmetry and asymmetric dark matter is achieved within a 
scalar triplet extension of the SM. 

1 Introduction 

Strong evidence from galaxy rotation curve, gravitational lensing and large scale structure im- 
plies that there exist invisible matter whose relic abundance, f^DM ~ 0.23, is well measured by 
the WMAP satellite^. This invisible matter is usually called dark matter (DM) and interacts 
gravitationally as the above evidences imply. However, it does not have any electromagnetic 
interaction with the visible matter. But DM can have weak interaction as many direct, indirect 
and collider experiments are currently exploring it. 

The existing evidence of DM imply that it should be massive, electrically neutral and is stable 
on cosmological time scales. However, such a particle is absent in the SM particle spectrum and 
therefore led to many theories in the physics beyond SM scenarios. Another issue concerning SM 
is the origin of tiny amount of visible matter in the Universe which is in the form of baryons with 
JIb ~ 0.04, that could be arising from a baryon asymmetry ns/n^ ~ 6.15 x 10^^^, as established 
by WMAP combined with the big-bang nucleosynthesis (BBN) measurements. Moreover, the 
tiny masses of three active neutrinos required by the oscillation experiments are not explained 
within the SM framework. 

The fact that 0dm ~ 5Qb could be a hint that both sectors share a common origin and the 
present relic density of DM is also generated by an asymmetryt2I3Sl5]_ jj^ i^j-^jg -^g present 
an economic model where the asymmetric DM and baryonic matter densities can be generated 
simultaneously in the early Universe (above electroweak phase transition) and Majorana masses 
of three flavours of active neutrinos at late epochs (below electroweak phase transition) from 
a common source. We extend the SM by introducing two scalar triplets Ai and A2. We also 
add a vector like fermion doublet V' and impose a discrete symmetry Z2 under which if) is odd 
while rest of the fields are even. As a result the neutral component of V' becomes a candidate 



of DM. The CP-violating out-of-cquilibrium decays: Aj — )• LL, where L is the SU (2) l Icpton 
doublet, and Aj — t- V'V' then induce the asymmetries simultaneously in visible and DM sectors. 
The lepton asymmetry is then transferred to a baryon asymmetry through the B+L violating 
sphaleron transitions while the asymmetry in the DM sector remains intact as the B+L current 
of vector like fermion doublet ip is anomaly free. In the low energy effective theory the induced 
vacuum expectation value (vcv) of the same scalar triplet gives rise to sub-cV Majorana masses, 
as required by oscillations experiments, to the three active neutrinos through the lepton number 
violating interaction AjLL + ^\hH, where H is the SM Higgs. 



2 The Scalar Triplet Model with Inelastic Dark Matter 

In addition to the vector- like lepton doublet ifF = we have two scalar triplets Ai^2- 

In our convention the scalar triplet is defined as A = (A++, A+, A^), with hypercharge Y = 2. 
Since the hypercharge of A is 2, it can have bilinear couplings to Higgs doublet H as well as to 
the lepton doublets L and ip. The scalar potential involving A (from here onwards we drop the 
subscripts for the two scalar triplets and refer to them loosely as A) and H can be written as 
follows: 

V{A,H) = MlA^A + ^{A^Af-MfjH^H + ^{H^Hf + XAHH^HA^A 
1 
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Below electroweak phase transition the scalar triplet acquires an induced vacuum expectation 
value (vev): 



(A) = -fH- 



(2) 



^/2MA 

where v = {H) = 246 GeV. The value of (A) is upper bounded to be around 1 GeV in order 
not to spoil the SM prediction: p ^ 1. The bi- linear couplings of leptons and Higgs to A are 
given by: 
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where fn = fJ-n/MA and a, (3 = 1,2,3. The above Lagrangian satisfy a discrete symmetry Z2 
under which tp is odd, while rest of the fields are even. As a result the neutral component of 
ip, i.e. V° = tpDM behaves as a candidate of DM. When A acquires a vev, the ALaLp coupling 
gives Majorana masses to three flavors of active neutrinos as: 



Ma 



(4) 



Taking Ma ~ 10^° GeV and /// ~ 1 and fi ~ 0(10"'') we get ~ 0(eV), which is compatible 
with the observed neutrino oscillation data. Moreover, the Aipip coupling also give a Majorana 
mass to ipBM given by 



m = V2UA) = hfH 



Ma 



(5) 



Therefore the Dirac spinor V'DM can be written as sum of two Majorana spinors (V'dm)l and 
{iPj)m)r- The Lagrangian for the DM mass becomes: 



CbMh 



Md (V'DM)L(V'DM)il + (■0DM)ii('0DM)L 

+m 



(■0DM)i(V'DM)L + (V'DM)/j(V'DM)i? 



(6) 



Figure 1: CP- violation in the dark matter and visible sectors arise through the interference of tree level with one 

loop self energy correction diagrams. 



This implies there is a 2 x 2 mass matrix for the DM in the basis {(V'dm)l; (V'dm)_r}- By 
diagonahsing it two mass eigenstates (V^dm)! and (V'dm)2 arise, with masses M^^ = Mjj — m 
and = + The small mass splitting between the two mass eigen states:(5 = 2m led 
to the property of DM to be inelastic type. From the direct search experiments this is required 
to be O(IOO) keV. We will come back to this issue while discussing inelastic scattering of DM 
with nucleons. 



3 Simultaneous generation of visible and DM asymmetries 

We assume that the scalar triplets Ai and A2 are super heavy. So that the CP-violating out- 
of-equilibrium decay of the lightest one, say Ai, in the early Universe can generate asymmetries 
simultaneously in visible and DM sectors. From Eq. (jS]) we see that the scalar triplets can decay 
in three channels: A — )• HH, A — )• LL and A — )• ipip. Moreover, these couplings are complex. 
Therefore, CP violation can arise from the interference of tree level and self-energy correction 
diagrams as shown in the figure ([T]). From these diagrams we see that to generate a net CP 
asymmetry at least two scalar triplets Ai and A2 are required. As a result the interaction of Ai 
and A2 is described by a complex mass matrix instead of a single mass term as mentioned in ([T]) . 
The diagonalisation of the flavour basis spanned by (Ai, A2) gives rise to two mass eigenstates 
C^2 = ^i^2^i + ^12^'^ with masses Mi and M2. The complex conjugate of C12 are given by 

= Ai2^i + B^2^2- Unlike the flavor eigenstates Ai and A2, the mass eigenstates 
(^2 are not CP eigenstates and hence their decay can give rise to CP asymmetry. Assuming a 
mass hierarchy in the mass eigenstates of the triplets, the final asymmetry arises by the decay 
of lightest triplet C,^ and The CP asymmetries are estimated to be: 
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(/l^/2% + hnf2H) T,al3{flL)al3{f2L)al3 > (7) 
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where 



ri = ^(|/mP + |/i^|^ + |/iLp) , (9) 

is the total decay rate of the lightest triplet. When Fi fails to compete with the Hubble expansion 
scale of the Universe, Ci decays away and produces asymmetries in either sectors. As a result 
the yield factors are given by: 

Yl= ^ = eLX^rjL , (10) 

^DM = -f — ^DMXi^rjDM , (11) 

where = n^~/s = n^+/s, s = 27r^(jr*T^/45 is the entropy density and rji, Vdm are the 
efficiency factors, which take into account the depletion of asymmetries due to the number 



violating processes involving ■0, L and H. At a temperature above EW phase transition a part 
of the lepton asymmetry gets converted to the baryon asymmetry via the SU{2)l sphaleron 
processes. As a result the baryon asymmetry is Yg = —0.551^. From (jlip we get the DM to 
baryon ratio: 

^DM _ 1 mpM epM ??DM /-.ON 

0.55 nip ei ijl 

where nip ~ 1 GeV is the proton mass. From this equation it is clear that the criteria ^dm ~ 
5 can be satisfied by adjusting the ratio of CP-violation: cdm/cl and the ratio of efficiency 
factors: ?/dm/??l- The details of numerical analysis can be found in refs'r^. 

4 Inelastic Inert Fermion Doublet DM and Direct Searches 

We now comment on the implications of our model for DM search. As already mentioned, 
the coupling between ip and A provides a small Majorana mass to ipBM- In the mass basis, 
(V'dm)i has an off^ diagonal coupling with the Z boson, preventing it to be excluded by direct 
detection searches. If the mass splitting is of the order of several keV, the DM (V'dm)! actually 
has enough energy to scatter off nuclei and to go into its excited state (V'dm)2 5 which is the 
definition of inelastic scattering . The state of art for inelastic inert fermion doublet DM is 




Figure 2: 2D marginal posterior pdf in the {5, rriDivij-plane. The shaded (blue solid) contours denote the 90% 
and 99% credible regions for DAMA (CRESST) respectively. The magenta dot-dashed line is the XENONIOO 
exclusion limit, while the green dashed line is the upper bound of KIMS experiment, at 90s% confidence level. 
All the astrophysical uncertainties and nuisance parameters have been marginalized over. The light gray region 

is excluded by LEP. 

given in figure [2] in the {(5, mDM}-plane, where the cross-section is fixed by the model, while the 
Majorana mass is allowed to vary in a reasonable range of values, in order for the scattering to 
occur. A Majorana mass of the order of 100 keV accounts for the damaC annual modulated 



signal (shaded region) , while a much wider range accounts for the event excess seen in CRESSTl^ 
(blue non filled region). However those regions are severely constrained by XENONIOO'^ and 
KIMSM KIMS is very constraining being a scintillator with Iodine crystals as DAMA. Our 
DM candidate can explain simultaneously the DAMA and CRESST detection, with a marginal 
compatibility at 905% with XENONIOO and KIMS, for a mass range that goes from 45 GeV 
up to ~ 250 GeV. If we give up the DAMA explanation, then it could account for the CRESST 
excess up to masses of the order of ~ 500 GeV. 

In summary we present a scalar triplet extension of the SM where the decay of triplet in the 
early Universe produces visible and DM, while its induced vev give rise to Majorana masses to 
three flavours of active neutrinos in the late universe. 
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